Objective: GH deficiency (GHD) in adults is characterized by elevated body mass index (BMI), increased waist girth (WG) and increased fat mass (FM). Information about how these indicators of obesity affect the lipid profile and quality of life (QoL) of GHD subjects is scarce. It is also unclear how changes in these indicators brought about by GH replacement influence lipids and QoL. , WG (nZ508 with normal WG, nZ434 with increased WG) and FM (nZ357) and according to changes in these variables after 1 year of GH replacement. Serum IGF-I concentrations, lipid concentrations and QoL using the QoL Assessment of GHD in Adults questionnaire were assessed at baseline and after 1 year of treatment. Results: At baseline, total and low-density lipoprotein (LDL) cholesterol were similarly elevated in the BMI and WG groups, but high-density lipoprotein (HDL) cholesterol decreased and triglycerides increased with increasing BMI and WG. QoL was progressively poorer with increasing BMI and WG. After 1 year of GH replacement, total and LDL cholesterol and QoL improved in all BMI, WG and FM groups. Conclusions: Variables of obesity adversely affect the already unfavourable lipid profile in GHD subjects by decreasing HDL cholesterol, but do not counteract the positive effect of GH replacement on LDL cholesterol. Similarly, QoL is influenced by obesity, but responds equally well to GH treatment independent of BMI, WG and FM.
Introduction
The adverse lipid profile in subjects with growth hormone (GH) deficiency (GHD) and the mortality associated with this altered lipid profile (1-3) is the risk factor that has probably attracted most attention (4-6), although lipid abnormalities have not been demonstrated in all studies (7) . GHD is also associated with conditions related to hyperlipidaemia, such as increased body weight (8) (9) (10) , abnormal body composition (11, 12) , and fat accumulation with increased waist-hip ratio (6) . It has been convincingly demonstrated that GH replacement induces favourable changes in these different cardiovascular risk factors (6, (13) (14) (15) . Another major characteristic of GHD is impaired quality of life (QoL), demonstrated by general surveys and confirmed by disease-related questionnaires such as the QoL Assessment of GHD in Adults (QoL-AGHDA) (16) and Questions on Life Satisfaction-Hypopituitarism (17) . These QoL deficits have been shown to be reversed by GH replacement (18, 19) .
Reduction in body fat in overweight and obese subjects without GHD improves lipid profile (20, 21) and QoL (22) per se. A correlation between reduction in cholesterol and decrease in fat mass (FM) during GH treatment has similarly been proposed (23, 24) . However, there is little detailed information regarding the relationship between key indicators of obesity and the lipid profile and QoL of subjects with GHD. Moreover, no data are available on whether changes in these variables during GH replacement have any impact on blood lipids or QoL.
The present study sought to evaluate the relationship between GHD and obesity, blood lipids and QoL in subjects with GHD. Several clinical parameters were used to characterize and quantitate the degree of obesity, including body mass index (BMI), waist girth (WG) and FM. The effect of GH replacement on obesity, blood lipids and QoL was assessed by evaluating changes in these parameters in response to GH treatment.
Subjects and methods

Subjects
The data in this analysis were retrieved from KIMS (Pfizer International Metabolic Database, Pfizer, NY, USA), the largest database for monitoring the safety and outcomes of long-term GH replacement in adults with GHD. Subjects were included if they had GHD (defined as a GH peak response !3 mg/l after provocation testing with insulin or arginine, or with glucagon in those with multiple hormonal deficits) and had received no GH therapy for at least 6 months before entry. Subjects with diabetes mellitus and those taking lipid-lowering drugs or drugs that enhance weight loss were excluded.
All subjects were studied in a longitudinal manner when analysed for the effect of GH replacement therapy. Data from the same 942 subjects (mean age 44.7G 14.6 years; 49.9% male, 78.3% adult-onset, BMI 28.0G5.7 kg/m 2 ) were analysed for the BMI and the WG studies and from this group 357 subjects could be retrieved for the FM studies.
The main causes of GHD were pituitary adenoma (55%), idiopathic hypopituitarism (10%), craniopharyngioma (10%), other pituitary and hypothalamic tumours (6%) and tumours distant from the hypothalamic-pituitary region (5%). Isolated GHD was present in 10% of subjects and panhypopituitarism with diabetes insipidus in 18%. Subjects with additional deficiencies apart from GH were accordingly substituted.
To study the influence of BMI, the subjects were divided into three groups according to their weight: † the 'BMI !25' group (nZ291; 30.9%) with a BMI !25 kg/m 2 † the 'BMIZ25-30' group (nZ372; 39.5%) with a BMI between 25 and 30 kg/m 2 † the 'BMI O30' group (nZ279; 29.6%) with a BMI O30 kg/m 2 .
To study the influence of WG, the subjects were divided into two groups according to their waist circumference: † the 'WG-normal' group (nZ508; 53.9%), comprising males with a waist circumference !102 cm and females with a waist circumference !88 cm † the 'WG-abnormal' group (nZ434; 46.1%), comprising males with a waist circumference R102 cm and females with a waist circumference R88 cm.
The impact of FM was studied in all patients for whom information was available. There was an important overlap and thus consistency between the BMI and WG groups, as 93% of subjects from the BMI !25 group belonged to the WG-normal group and 94% of subjects from the BMI O30 group to the WG-abnormal group.
To study the influence of changes in each of the three obesity variables, the subjects were regrouped according to the magnitude of change: † body mass: the 'BMIY' group, comprising subjects with a decrease of more than 1 kg/m 2 (nZ192; 20.4%); the 'BMIZ' group, comprising subjects with changes between K1 and C1 kg/m 2 
Methods
Background information including gender, onset of GHD, history of prior GH therapy, age at aetiological diagnosis, age at diagnosis of GHD and age at inclusion into KIMS for each of these groups was added to the KIMS database according to the study guidelines on the KIMS case report forms. It is a condition of entry into KIMS that each centre obtains approval from their local ethics committee and that patients give informed consent, either verbally or in writing, depending on the local regulatory requirements.
The study was performed in accordance with The Declaration of Helsinki (25) . Measurement of insulin-like growth factor I (IGF-I) was conducted in a single central laboratory. Until 2002, it was performed by RIA after acid-ethanol precipitation of the IGF-binding proteins (Nichols Institute Diagnostics, San Juan Capistrano, CA, USA). Thereafter, a chemiluminescence immunoassay (Nichols Advantage System) was introduced. Longterm reproducibility, measured over more than 1 year, showed a coefficient of variation of !9% in the concentration range 130-850 mg/l. The assay detection limit was 30 mg/l. The reference range in the IGF-I assay was adjusted for gender and age. FM was calculated by bioelectrical impedance analysis (BIA). Determinations of serum total cholesterol, high-density lipoprotein (HDL) cholesterol and triglycerides were performed centrally and concentrations of low-density lipoprotein (LDL) cholesterol were calculated using Friedewald's formula (26) . Results are expressed as mmol/l. The ratio of total to HDL-cholesterol was also calculated. QoL was measured using the QoL-AGHDA questionnaire (16); higher scores denote poorer QoL (to a maximum of 25).
Statistical analysis
Data analyses were performed using SAS (Statistical Analysis System, SAS Institute, Cary, NC, USA). Data are presented as meansGS.D., unless otherwise specified.
The significance of effects between groups was assessed with Student's unpaired t-test for normally distributed data and otherwise by Wilcoxon's rank-sum test. Significance was accepted with P values of !0.05.
Multiple linear regression analysis was performed for lipids and QoL-AGHDA to take into account the effects of age, BMI, WG and FM at baseline when comparing changes over time.
Results
Background data are shown in Table 1 . The gender distribution was almost equal in the FM group, but there were more females in the BMI !25 group and BMI O30 groups and in the WG-abnormal group. The proportions of subjects with childhood onset were higher in the BMI !25 and WG-normal groups, paralleling the mean ages at aetiological diagnosis and entry into KIMS. Overall, the mean age for both factors was the lowest in the BMI !25 group and lower for the WG-normal group than for the WG-abnormal group. As intended, the BMI and WG groups were significantly different from each other for the three variables we used as indicators of obesity. The data from the FM group mirrored the data from the complete cohort of 942 subjects for each variable (data not shown). Table 1 also shows a significantly lower IGF-I concentration in the BMI !25 group. The daily GH dose was higher in the BMI !25 group and was associated with a greater increase in IGF-I after 1 year of GH replacement therapy.
Baseline data are shown in Table 2 . There were no differences in total and LDL cholesterol between the three BMI groups. On the other hand, increased BMI was accompanied by a significantly progressive decrease in HDL cholesterol and a significant increase in triglycerides. As a result, the total/HDL-cholesterol ratio was lowest in the BMI !25 group and was the highest in the BMI O30 group. QoL overall was poor and significantly worse in the BMI O30 group than in the other two BMI groups. Findings were similar for the two WG groups. WG did not influence total and LDL cholesterol, but the total/HDLcholesterol ratio was higher in the WG-abnormal group due to lower HDL cholesterol. QoL was significantly poorer in the WG-abnormal group. The lipid and QoL data in the FM group again reflected the data from the whole cohort. , P!0.05) were seen. The decrease in WG was significant for the whole cohort (K1.7G5.4 cm, P!0.001), the BMI !25 group (K1.1G5.0 cm, P!0.001), the BMIZ 25-30 group (K1.6G5.2 cm, P!0.001) and the BMI O30 group (K2.5G6.1 cm, P!0.001). FM decreased in the whole cohort (K1.3G4.5 kg, P!0.001), the BMI !25 group (K0.7G4.1 kg, P!0.05), the BMIZ25-30 group (K1.8G4.2 kg, P!0.001) and the BMI O30 group (K1.3G5.2 kg, P!0.05). Subjects with either a normal or an abnormal WG displayed a similar pattern. The changes in BMI were small and non-significant in the WG-normal and WG-abnormal groups (C0.1G1.3 kg/m 2 ; PR0.05 and K0.2G1.8 kg/m 2 ; PR0.05 respectively). The changes in WG were also highly significant in the WG-normal and WG-abnormal groups (K1.0G4.5 cm; P!0.001 and K2.6G 5.9 cm; P!0.001 respectively). The changes in FM were also highly significant in the WG-normal group (K1.4G4.1 kg; P!0.001). The change was smaller but still significant in the WG-abnormal group (K1.2G 4.9 kg; P!0.01). Table 3 shows the changes in lipids and QoL induced by GH replacement for the different BMI, WG and FM groups. A similar effect on the lipid profile was seen in each group, with a significant decrease in total and LDL cholesterol, no or minimal changes in HDL cholesterol and a minimal although significant increase in triglycerides. The reduction in cholesterol was more pronounced in the BMI O30 group. The total/HDL cholesterol ratio fell in each group. The improvement in QoL was significant and comparable for the three BMI groups and the two WG groups. The changes in the FM group were similar to the changes in the total cohort. Figure 1 depicts the effect of GH replacement on the lipid profile depending on the changes in obesity variable. Figure 1a shows the favourable effect upon total cholesterol, LDL cholesterol and total/HDL cholesterol ratio, which was independent of the change in BMI. Total cholesterol decreased by K0.5G1.0 mmol/l in the BMIY group (P!0.001), by K0.3G1.0 mmol/l in the BMIZgroup (P!0.001), and by K0.2G 0.9 mmol/l in the BMI[ group (P!0.01), while the ratios decreased by K0.6G1.1 (P!0.001), K0.3G1.8 (P!0.001), K0.1G1.3 (PR0.05) respectively. Multivariate analysis did not disclose a significant difference between the three BMI groups. The change in HDL cholesterol was not significant and the increase in triglycerides was limited although significant (P!0.001 for all groups). Figure 1b shows that the decrease in total cholesterol, LDL cholesterol and total/HDL ratio was also independent of changes in WG. Total serum cholesterol. The change in HDL cholesterol was not significant and the increase in triglycerides was limited and only significant in the FMY and FM[ groups (P!0.05). QoL-AGHDA scores in the three groups in relation to the variables of obesity are shown in Fig. 2 . The improvement in QoL from baseline was highly significant in each subgroup (P!0.001). The most pronounced improvement in QoL-AGHDA score was found in the BMIY, WGY and FMY groups. Nevertheless, multivariate analysis revealed a significant difference only for the comparison between BMIY and BMIZgroups.
Discussion
This study confirms the well-known unfavourable lipid profile and poor QoL in GHD patients, but also emphasizes the additional adverse effect of higher BMI and WG. More importantly, it demonstrates that the improvement in lipid metabolism and QoL during GH replacement therapy is independent of changes in indicators of obesity such as BMI, WG and FM.
It should be underlined that the arbitrary construction of the BMI and WG groups is responsible for some significantly different features between the groups. The BMI !25 and the WG-normal groups diverge from the other groups in the percentage of childhood-onset patients and hence an earlier mean age at diagnosis and at initiation of GH replacement therapy than in those with adult-onset GHD, but also, as reported in other studies (27) , a significantly lower baseline IGF-I concentration. The BMIZ25-30 and BMI O30 groups were similar populations, except for a difference in gender distribution. While the overall cohort of GHD patients were characterized by an elevated BMI corresponding to a definition of overweight, BMI in females tended to have a biphasic distribution -either a normal BMI or obese, whereas males were more frequently overweight. The possibility that these dissimilarities may account for differences in lipid metabolism and QoL should be taken into account. Nevertheless, two important similarities exist between the groups making them homogeneous in the analysis of the lipid and QoL data. Firstly, although lower for the BMI !25 and the WG-normal groups, the mean ages ranging between 40 and 47 years excludes age as a major determinant in the interpretation of the lipid measurements. Indeed, it was recently demonstrated that the maximal deterioration of the lipid profile in GHD patients is achieved at the age of 40 without further worsening afterwards but remaining adverse throughout life (6) . Secondly, as the duration of GHD without GH replacement ranged between 9 and 11 years in all groups, it is highly unlikely that this parameter would affect the outcome in terms of lipids and QoL.
The lipid profile in the different BMI and WG groups showed some distinct baseline characteristics. The classical finding of elevated total cholesterol and LDL cholesterol in comparison with recommended target values of 5.2 mmol/l and 3.4 mmol/l respectively was seen in all groups. This indicated GHD as a dominant cause for the adverse cholesterol profile as the changes were independent of BMI and WG. This could be due to inadequate LDL receptor activity (28) . The HDL cholesterol concentration, on the other hand, varied significantly among the BMI and WG groups. The higher HDL cholesterol level in the BMI !25 group could be explained by the higher percentage of females in this group. Thus, the increase in BMI was probably the main factor that adversely influenced HDL cholesterol. Consequently, BMI and WG had an important impact on the total/HDL cholesterol ratio, with the target value of 4.5 progressively exceeded by increasing BMI and WG. Also, the increased triglycerides were clearly dependent on BMI and WG in such a way that a concentration below the target value of 1.7 mmol/l was found only in the BMI !25 group. The data in the FM group mirrored the adverse lipid findings of any unselected cohort of GHD patients reported in the literature. The present data thus disclose a profound impact of BMI and WG upon the lipid profile of GHD patients as has been reported in individuals without GHD (20) . GHD patients are, however, more seriously affected through the adverse effect of GHD on LDLcholesterol.
The QoL-AGHDA score confirmed the poor QoL in the GHD group as a whole, but obese patients and patients with an increased WG had significantly worse scores, suggesting that, in addition to GHD, obesity per se contributes to the impairment of QoL.
The recognized effect of GH replacement on BMI, WG and FM was seen in the whole study population. No changes in BMI were found after 1 year and although the BMI O30 group showed a significant decrease in BMI, it is probably too small to be of any clinical relevance. On the other hand, a significant improvement in WG and FM occurred regardless of the BMI group studied, implying that BMI need not be taken into account when deciding whether to start GH replacement therapy or not. A similar picture was found for the WG-normal and WG-abnormal groups, confirming that GH replacement is effective in decreasing WG and reducing FM independent of the initial composition, while BMI was not influenced.
The same conclusion can be drawn concerning the effect of GH replacement on the lipid profile and QoL. Regardless of BMI, WG and FM status, significant decreases in total cholesterol, LDL cholesterol and total/HDL ratio were seen without any changes in HDL cholesterol. On the other hand, a limited increase in triglycerides was found, which could be explained by a decrease in insulin sensitivity or increased availability of free fatty acids during GH replacement resulting in increased hepatic very LDL secretion. The favourable effects of GH replacement were independent of the parameters of obesity and can thus be considered as self-determining. This finding supports previous findings from the literature (29, 30) , although it conflicts with some other data (23, 24) . Moreover, administration of GH changed all studied variables in a similar way in nearly all groups, suggesting that the favourable response to GH was maintained independent of the presence or degree of obesity. The improvement of QoL during GH replacement was highly significant in all groups and again not determined by obesity. All these data strongly suggest that in subjects with GHD the beneficial effects of GH replacement on WG, FM, lipid profile and QoL are independent of the individual's baseline obesity status, whether expressed as BMI, WG or body composition measured by BIA.
In conclusion, the improvements in total cholesterol, LDL cholesterol and total/HDL ratio induced by GH replacement therapy were independent of changes in obesity variables. The decrease in lipid profile was most prominent when it was accompanied by a decrease in BMI, WG or FM, although without statistical significance. Importantly, the favourable effect of GH was present even in patients with increased BMI, WG and FM, indicating that the improvement was unrelated to changes in obesity parameters. Adaptation of lifestyle to reach a more balanced body composition offers an additional advantage, but GH replacement is the main determinant of lipid control. Improvement in QoL was another distinct effect of GH replacement and was seen in all BMI, WG and FM groups irrespective of changes within the groups during this treatment. This finding suggests that the reduced QoL in GHD was diseasespecific and responded well to GH replacement.
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